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I . s UHMARY c# coNcLus I ONS 

Overa? 1, Foam Fracs appear to be quite suitable for the 

Devonian SSale since the formation is shallow, low temperature 

and Iow permeability. The Devonian also needs to have quick . 

clean up to prevent formation damage and this is an area ?&here 

foam’ fluids are excel lent. 

The report discusses the available data on foam Fracs 

and evaluates the state of the a’rt of the foam Fluid as i: 

applies CO hydraulic fracturing stinu.lati-on of :he Devonian 

Shale. 

Different ways to conduct foam treatments are discussed. 

Limits of foams are presented with. a section on hdw to extend 

these 1 imi ts. The analysis of the treatment after stimulation 

is discussed with recommendations For further testing. 

Computer pr-ograms have been run to i 11 us trais the ef.fecc 
e 

Oi fluid leakoff on fracture geometry wi :S a constant viscosi:y 

foam; however, more exact analysis is needed since the effective 

foam vi scosi ty depends on pressure changes, F 1 ow rates, fracture 

widths, and formation permeabi 1 ity during the dynamic fracturing 

op=ra:ion. 

The conciusions of the study on foam iracB:uring fluids 

are as Fol lows: 

1 . Foam fluids are eifec; ive in ceriain applications: 

a. In areas where quick kIean up is essential 

3. In formations of low permeabil i cy 

C. At shallow dtpths 

0. At low temperatures. 

-/- 
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2. 

3. 

4. 

5. 

When used in the Devonian Shales which can be 

naturally fractured, 100 mesh sand should be used 

as the lead. in sand For help in fluid loss control. 

Complete evaluation and quantitative comparisons 

to other :echniques will requi re that a pressure 

build up analysis be run on the Foam Fracs and on 

other treaimen cs where comparisons are needed.. 

A modified Foam Frac or mod-if-ied equipment should 

be considered if productivity is curtailed by low 

proppant concentrations which are characteristic 

of the foam treatments. 

A new computer program is needed co help design 

foam fracs. It would be useful for future treatments 

to assess the effects of updated information and 

properties of foams on the required resulis. 

These cone 

of the report. 

rus ions are discuss’ed in deta i I in the body 

-a- 
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I I; lNT~OOUC~ION 

A recent innovation- in the developing technology of _ _ --- - 

hydraul ic fract.uring is the use of foam as a new fracturing 

fluid”‘. Foam seems to fit the definition of a desirable 

.frac fluid since it can hydraulically create a fracture, it can 

carry sand into the fracture, it minimizes formation permea- 

b i”1-i ty damage, and it cleans up quickly after ;he job. 

Foam has been used quite widely ‘i’n’ the oi 1 and gas 

indusiry for the last 5 years. During 197S3, over 200 Foam 

kracs were designed for many geographical areas. Table 1 

shows the states and counties where Foa-m Fracs l,+ere used. The 

results of some of these treatments are given in Table 2 which 

shows the type of formation, depths, injection rate, treating 

pressure, amount of proppant, and early results of these 1975 

treaiments. 

In the E.G.S.P. program’l at -least 6 foam fracs have 
. - 

be+n reported as of Hay 15, 1978. These treatments are sh’own - 

in Table 3. Most of these treatments used a 75 qua1 ity foam 

at an injection rate of 25 to 40 32H. Al though resul ts appear 

CO be acceptable, :he results are difficult to compare directly 

with other treatments since these have been used over a wide 

area and wi;h unknown downhole conditions such as effective 

formation p ermeability, amount of natural Fracturing and various 

mechanica di Fficulties. 
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1 I I . AP?ZOACi-i l-3 FOi4H FRAC EVALUATIOIV 

To study Foam fracs, particularly in the Devonian Shales, 

the records of al.1 of the foam treaiments were examined to see 

if the jobs went as planned and co verify predicted rates, 

pressures and sand schedules. After this early examination of 

the treating reports, a thorough survey of :he 1 iterature was 

undertaken to familiarize myself with the present day state of 

technology of foam fracturing. Many cal 1s were mad: to service 

companies, laboratories, 0 i I companies.; and engineers and authors 

Of foain papers who were familiar with :he state of the art. 

From these conversations and articles the strengths, 

weaknesses, -.-- ---_.._. and uses of foam fracs begin to emerge.-.-Personal .---- -- -. --._ . _._ 

opinions of organizations and’ people se1 1 ing Foam materials 

were discounted and an objective look at the subject was attempted. 

To illustrate the effects of the fluid properties of 

foam in fracturing it was decided to run 2 types of frac:uring 

programs. A simple one to run paraneier studies and trends, 

and a more exact one to account for other variables in the 

-.fracture. generation process. The first parametric’sc’udias were - 

run with a Kerns and Perkin?““” type calculation. A more exact 

program based on Barenblatts Equations” and Kristianovich and 

Zhel tov’ sLg approach was also taken to examine the effects of 

fluid leakoff of foams. 

The ma i n effr,cts to be examined art the exitnc of tnt 

fracture that is possible uitS foam, the placement oi propoane, 

the clean up of foam, fluid leakoff effects, effeci of rock 

praper:ies, and the predictabi 1 i ty of foam fracturing traacgent 

design. 
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I v . FOAH FUCTURE OES I GNS 

The Oevonian wel Is in wh i ch Foam Fracs were performed 

were first sti-muTat<d with approximate rates and volumes using 

properties assessed by the service companies for these treatments. 

The Kerns and Perkins calculations for the six wells shown in 

Table 3 are given below in Table 4. 

Hany other cases were run to Find out what inpu: properties 

were most sensitive. As it usual iy-tu?n-s out, the Fluid Loss 

Coefficient is the variable having the greatest effect. From 

my conversations with the service companies and Amoco Oi i Com- 

p-f, this is the area in which we know the least. 

QIaurer’s2 original fluid loss data is in doubt and was 

taken out of context to use in low perneabi 1 i’ty situations. ’ 

His Iowert permeability tested was 170 md. He. finds a ‘flu-id 

loss coefficient of IO-’ to 10S4ft/Jmin. in service company‘ l 

tests they find I md cores give data in the IOe3ft/m range. 

This approximate value (0.002 ft/fl) was used in the caicula- 

tions for Table 4. Kingz2 of Amoco reports fluid loss as high 

as 0.1 (IO” ft//mn) with 1 md cores. He admits his results 

are pessimistic bu: we know thai somewhere between his data 

and Slaurerkdata is the correct value of fluid leakoff. 
-__ _ 

Viscosity is an important variable and- provides anoth-er I 

area of uncertainty,since ioam is a non-Newtonian fluid. Iis 

viscosity is a function of shear rate which means -that it is- a 

function cf injection ra:e, fracture width and leakoff veioci ty. 

The behavior of the viscosity of the foam is- felt to be signi- 

fican: to the effeciive length of the fracture and the srtidth 

to length rates of the fraccura which determines al lowable 

sand volume. 
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fncrtases in the injec‘tion race increase :h= size of 

the fracture because more fluid is put into the fracture in 

a given time period.. This decreases foam viscosi ty and 
__ -- 

increases fluid I-eakoff so a car eful study of all effects is 

required. 

Fracture Height is a?proxim,:ed by the perfora:ed 

interval plus a small amount. On these small treatments frac 

height is fairly closely estimated. MHF and extremeiy large 

treatments can have frac height as”a ‘very important variable 
- - 

since it is possible to fracture out of the producing zone. 

. 

Rock Modulus variaiions have a lower order effect and 

is not noticeable in the prediction of fracture geometry.’ 

After the first cases were evaluated, the foam rheology 

was examined more closely. Inputs in viscos’ity values from 

Sunder Advan i , service labs and others indicated that a low 

effective viscosity of about 2Scp was possibie. 8ac,ed on 

this information, the Kristianovich and Zhelton program was - 

run repeating one of ;he earlier cases in Table 4, ‘Jell 

IO KY-WVZ. Table 5 shows this result whcere the fracture length, 

width, and volume are al I reduced because of the lower affective 

viscosity and higher effective fluid loss coefficient 

(0.0042 ft/mn). 

-._ ._ _ __ 

This type of program could be further modified to-account 

fo r the change in viscosity of the foam as it flows down :he 

fracture and as it leaks into the formation and into micro- 

frac:ure. Table 5 is believed co be fairly accurate reprasani- 

scion of the created fracture geometry. A pressure build up 

analysis is required io prove this, however. _ 

-a- 
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A definite need exists for a more accurate ,nadeIing 

oi the foams behavior in the fracture and as i: leaks inio 

microcracks and fissures. 

I .-TABLE 4. DEVON I&J FOAM FRAC JOBS. 

Uell I.D. KY -uv I 
Max, Job Time (Min.) 35. 
Time Increment (Bin.) 5. 
Injection Zate (BP!4 30. 

Viscosi Cy (CP) 500. 
Frac Height (ft) 100. 
Rock ,%dul us (ps i > ‘joooooo. 4 

.- . 

. 

‘rlell 1. D. KY-w2 
Max. Job Time (Hin.) SO. 
Time lncr=ment (Hin.) 5.0 
Injection Rate (3PM) 25.0 . ..- . 

VULLJRt’ EFF. TIHE 
(CU.FT. 1 (Xl (HIN. 1 
555.24 h=;.YZ 5.00 

1021.13 .bO.SZ 10.00 
1447.54 57.29 15.00 
1947.91 54.3s 20.00 
???9*04 m-e 52.93 . 25.00 
2595, ‘32 51.37 30.00 
2349.12 SO.02 35.00 

VULUHE . 
(CU.F’T. 1 
449.70 
823.05 

1153.15 
1481.35 
1783.62 
2074.01 
2353.15 
2c.23.44 
2 !zl d 6 . 0 3 

3141 .Sf 

- 9- 

Viscosity (CP) 500. 
Frac Height (it) 100. . 
Rock Modulus (psi> SOOOOOO. 

c c b1 F, TI?!E -. 

(Xl (RIN. 1 
54.07 5.00 
58.53 10.00 

. 55.24 1 lJ.00 

52.75 20.00 
SO.32 25.00 -- 

4Y .25 30.00 
47.90 35.00 

45.72 40.00 
45.69 45.00 
114.76 50.00 

.- ____ _ ,-.-- ___.________I__ _----_ . - --_--- -- 
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TABLE 4. DEVON IAl FOAIU, FRAC JO85 (Con t ' d) . 

Well 1.0. ORBIT 
bYax. Job Time (Min.) 45. 
Time lncrcment (Hin.) 5.0.. 

Viscosity (CP) SOOO. 
Frac Heighi (ft) ISO. 
Rock ~Yodulus (PSI) 

Injection Rate (BPM). 25.0 

l!\‘! I’Cr\I , FLLJ tL1 l.~.lS!; COt'F.= 0 .00200 

UOLUW EFF. TIHE 
(CU.FT.> (X) 
512!;70 

(HIN. 1 

73.05 5.00 
Y50.3'7 --h9.42 IO.00 

1377.57 65.43 15.00 
1775.23 . 63.23 20.00 
2156.86 61.4a 25.00 
2525.07 5?*VS 30.00 
2584.36 JS.72 35.00 
3234.56 57.61 JO .oo 
;1577.s~a 56.63 45.00 

'dell 1 .D. Ky-WV3 
a ax. Y Job Time (Min.) '50. 
Time IncrcTent (Min.) 5.0 
Injection Aate (3PY) 25. 

Viscos i t'f (CP) SOO. 
Frac Height (ft) 80. 
Rock Szdulus (PSI) 5000000. 

VfJLURE EFF . 

(cu.t-.r*) (Xl 
457.70 55 .21. 

340.19 59.35 
1189.69 56.50 
1517.2s 54.04 
3828.93 52.12 
3138.70 w-w so.55 
2417.12 49.20 
2696.51 48.03 
2968.35 46.99 
3233.24 46.07 

TI,*rE 
t?t1ri,> 

5,oo 
10,oo 
15.00 
20.00 
2s.00 
30.00 
35.00 
40,oo 
43.00 
so*00 

- . . 

10 
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TABLE 4. OE’JON I AN FOAH F%lC 

'tie1 1 I.D. OSTEGO 
Max. Job Time (t-tin.) 45. 
Tine Increment (tiin.) 5. 
lnjaction Race (aL!l-25. -- 

clvtiR;\r i.. FLUILl Lu’;;S COEF .= 0.00200 

1:: Ii 1 I .:. . \’ L UN i’l’!.: 

‘de1 1 I.D. uv/MAsorr 
Zax. Job Time (Min.) 30. 
Tire Increment (Min.) S.0 
Injection Rate (3PM) 40. 

L’OLLlftE EFF. 

‘l C:tJ . FT . 1 (%I 
401.5s 57 .22 
721 .s9 51.40 

1007.35 47.94 
1272.15 45.31 
1522.23 43.38 
1759.65 .pr .7a 
1997.32 40.45 
2204.73 39.30 
2419.07 3n.30 

JO82 (Con t’d) . 

Viscosity (CT) 100. 
Frac Height ( ft) 72. 
3ock lUadu lus (PSI) .soooooo. 

. 

T 

s 
10 
If 
20 

25 
30 
35 
40 
45 

1% 
(?lIN 
.oo 
.oo 
.oo 
.oo 
.oo 
. 00 
*oo 
.oo 
.oo 

.) 

Viscosity (CP) 500. 
Frac Height (ft) 190. 
Zock c?‘ctdu I us (25 I) 5000000. 

VOLUME 

(CU.FT, 1 
736.57 

1353 * 43 
1917.67 
2446.88 
2Y50.57 

3435.25 

EFF. TInE , 
(%I <rtINy. 1 

69.59 . . 5.00 
’ 60.26 10.00 

56.92 15.00 
5d.47 20.00 
s2.55 25.00 
50.98 30.00 

--. - 
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TMLE 5. KY-U’12 UELL NW INPUT OAT4 
(K -PROGRAH) 

Oep iii : 3300 ft. 

Gross liei gh t: 100 ft. 
&New Hei ghc: 86 ft.,-- -- .-- --- 

Frac Gradient: 0.7 psi/ft. 
Permeab i 1 i ty : 1.0 md. 
Porosi t-f: 0.1 dec. fraction. 
Mean Sonic Travel Time: 65 wec/ft. 
Resv. Fluid Viscosi iy: .02 cp. 

Resv. Fluid Oensity: 2.0 lb/cu ft, 
Resv. Fluid Cwrpressibi I i ty: 0.003 I/psi. 
Resarw i r Pressure: 3SO psi. 

Frac Fluid Viscosity at Temp: 25 cp. 
Injection Rate: 25 bpm. 
Gel Concentration: 0. lb/l000 gal. 
Fluid Loss Add. Cont.: 0. lb/1000 gal. 

-- . 



Open File No. 112 

. . 

‘J . FR.ACTURE E’IALUAT ION 

To data the Foam Frac treatments have been judged on 

production increases. Uniortunate1y, this does not cell the 

entire story since the process (Foam irac) may ‘work perfectly, 

but the well is just not a producer. ior this reason and to 
_--- 

quantitatively compare wells stimula;ed with various techniques 

of all sizes, it is imperative that short term pressure buildup 

tests be made with bottomhole pressure bombs. The resul iing 

data wi 11 allow a unique solution of the fracture conductivity, 

fra- h iu re 1 ength and effective Formation permeability to be made. 

Such a bu’ildup curveI is shown’ in Figure 1. .- . 

Figure I 

PRESSURE BUILDUP ANALYSIS 

1000 

800 

600 
[Jsi) 

. 

final slope 
relates to fori7iition 
permeabi 1 i ty 

L Slope relates co 
Fracture Conduct ivi ty 

1Oj lob 103 102 10 I 
- , ,. /3- 
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. 

‘I I . LIHITS OF FOA?! r’aXCTutll~G 

Even with the good attributes of quick clean up, minima1 

formation impairment and low crating pressures, there are 

definite I imits to the use of foam fluids in hydraulic frac- 

curing treatmen;s. 

ioams are basically non -wall building fluids and are held 

in the fracture (kept from leaking off) by the effective 

viscosity of the foam. Foams are good fluids if the treating 

pressure and differential pressure into the formation is low 

and if the formation permeability is” dlso low. King and 

Daneshy report in c?nv,ersa;ions that foam fluids do.not have the 

fluid loss attributed them by BIaurer. Slhile liquid Ieakoff may 

be low, total liquid and gas Ieakoff can be very high.-- A-fi-eId.- 

example is in the ‘rlilcox sand, a foam frac quickly sanded out 

from too high of fluid Ieakoff into a formation whose effective 

permeability was probably 10 md or greater. So our first limit 

is to only fracture low permeabi I i ty reservoirs. 

How is the Foam Fluid Loss Coefficient Calculated? 

r’oam Fluid Loss Coeificients’3 for calculations of fraciurs 

geometry. C, is the viscosity control. 

CI = 0.001483 (1) 

c 
E is the compressibility of the formation control -- 

cx = 4- kdC 
0.001183 Ap - 

‘2 
(2) _- 

The total Fluid loss coefficient is made up of both C1 

and Ca as shown b’y Equation (3). .- 
_. ._/-- _.-.- 

C p 
._.- 

_.. - - 
__.-.-- 

c;. = ii - _ 

ci * c= 
_ 

. 

- - -- ---- .------. --.. -. ___ __ _ _ . _ _ _ _ 

14 
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k = permeab i I i Cy (md 1 
AP = fi I :racion pressure (Psi) 

4 = porosity (decimal fraction) 

c = compressibi 1 i ty or I/p, (I/psi) 

P = effective foam vi.scos i ty (cp) 

The effective foam viscosity is defined in Equaiion 4 below 

as: 

ue J 

where 

‘2 = P 

TY = 

w = 

h= 

.Q = 

9995 (0.228Q)-aSY’ 
wzH 

- . 

plastic viscosity (cp) 

yield siress (Ib/ft*) 

dynamic frac wid:h (in) 

fracture height (ft) 

injection rate of foam (3PH) 

What about foam Ieakoff into microfractures? 

Foam Ieakoff will probably be very high due -to the high. --- 

shear rates associated with the foam leaking into a :iny crack. 

The best gas we1 I s in the Devonian wit I probably have these 

microcracks or natural fractures ,so the use of 100 mesh sand is 

highly recommended to help control leakoff of the foam’. It .- 

will not stop Ieakoff but it can slow it down and still will 

no c damage the we1 I’s productivity. Hore work and- testing is- -- 

requ i red in this area. 

Yhy use ioam at shallow depths? 

Amoco recommends the use of foam fi u ids only CO 4000 or 

SO00 ft. because of economic reasons bu: also because formation 

tempera cures are lower and do not cause problems. - Xls’o, :hZ - 

di fferencial trea:ing pressure in to the reserve i r is IiniCec! 

io a certain excen c at thzse deorhs - remember the fluid feakuff 

rape of . iOaT’S is sensitive to this differential pressure. 

-w- 
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'dhy 1 imit Foam use ;a low ;emperatures? 

U? to ISO’F no bad effects have been found on foams. 

?ossible chemical reactions and surfactan; adsorption is 

though t possible above 150°F. This couId be ovP,TCOm+ by 

redesign but is only anoiher conpl ication tha: is not 

desirable. 

How does the amount of proppanc in a foam treatment 

I imit its results? 

Foams can only carry 10:~ sand concentrations using the 

conventional blender addition of sand since the water phase _ 

is only about l/4 of the total foam fi-ui’d volume. Sand 

concentrations shown in Table 3 average only about I. lb. of 

sand per gallon of foam. Foam does not al low the ,sand. to 

settle, hence the dynamic width closes on the sand to make 

a very narrow fracture channel. This effect is il!ustrated in 

Figure 2. 

OYNAMlC PROPPANr 
FIACTUPE 0ANX 

PROPPANf 
BPNX 
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Our standard fracture programs ca I cu I a te an avo,rage 

dynamic fracture w.idth (w). Thi s is about the final *width 

tc (Wf) in frac jobs that use thin fluids which allow sand 

settle. This effect is described by Equation S below. 

._ .-- 
---Lb63 (c,) w 

we f 
r 

1.0 + o.044(cs) 

. 

where 

w = 
f 

final fracture width- (in) 

cs = 
sand concentration (lb/gal of foam Flu 

;)j = average dynamic fracture width (inj. 

(5) 

id) 

As an example, let us assume that I lb of sand is used 

(average) for each gallon of foam fractur.ing fluid. Then by 

solving Equation 5 asiuming 1T = I, we see that th,e final 

fracture width (wf) is only 0.06 or 6 percent of the original 

average width. Uniess very =a, permeable sand is used or 

unless formation permeaoility is extremely low, the overall 

stimuiation result will be reduced. This graphically illu- 

strates a major limit of foam fracturing at present. Also, 

‘34 e can see that any fracturing technique in which sand settiing 

is prevented while not using ‘nigh concentrations of sand Hill 

have narrower wid;hs than would normally be calculated. 

What about the rheology of foams? 

Foams are very non-Newtonian type fluds. They shear chin 

or decrease in viscosity with high shear rates. 3laLrer’and 

others have chosen to use a 3ingham fluid model to represent 

the effective viscosity in the fracture. Elaurer’s equation 

is s hewn in Eqcacion 6. 

’ h 

!J. = 9, + 7.162 Ty 
2 

Q 

(6) 
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where 

3 = 
P 

plastic viscosity (S-4 cp ar- 75% Qualiiy) 

T = 
Y 

yield strength (44 Ibi/lOO Fc' at 75% Quality) 

w = frac Iwidth (in) 

h.. = frac height (it) 

Q= injection rate (QPiY) 

Ey using this data and replotting, a power law model is 

derived to calculate the effective foam fracture viscosity. 

These expressions are given in Equations 7, 8 and 9. 
.e . 

T = $ 

where 

K = 19.56 

n = 0.149 

. t= shear s cress 

since 
0.2228 Q 

’ = w2h 
in the fraciure 

then ue = 999s (~'"~"') 

ior effective foam viscosity in the fracture. . 

(7) 

(8) 

(9) 

While Equation 9 shows foan viscosity values of,severai 

hundred centipoise in the planar fracture, leakoif into micro’ 

cracks and fissures can reduce this viscosity to IO cp. or less. 

This reduction in viscosity is caused by the~extremely high 

rates of shear governed by the very narrow. crack :.ridths. 
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VI I. MOOIFIEO TREATMENTS 

_ - 
In a-36ort discussion we wi II try and decide how to 

retain the desirable parts of the foam fracs but design 

around the I imics of the foam fluids. 

One limit mentioned eari ier was that the suspensicn 

of sand by the foam was too good - very littte set:led. A 

wider fracture and higher sand cot?centrations are desirable. 

We have several ways to do this., One method is to 

make a weaker foam; however, instead of changing foam 

properties we may want to inject slugs of water carrying 

higher sand concentrations in al terna ti ng sequences wi th the 

foam fluids. Another choice is co make a sub foam or aerated 

water fluid co retain quick clean up but to carry more sand. 

Sub foams may cost less as we1 I. Another approach is to use 

larger grain sands since the formation can only close down - 

to one grain diameter with the IJW closure stresses encountered 

at these dep:hs. 

Efforts are underway by fracmascer and NOWSCO co build 

a proppant injector :o inject high concentrations of sand 

directly into the foam. This would have the effect of keeping 

the final’ fracture width close to the dynamic fracture width. 

In areas where fluid leakoff seems to be a problen, the 

use of polymers or fluid loss additives may help compieie ihe 

stimulation creaimencs (recommended by King=). ?olymers or 

additions may make the foams more stable; too stable for the 

way in which :hey are presently used. Cab tests :o rsdes i gn 

foams may be necessary and Foam breaking by encapsulated 

defoaners may be required. Field proc~ciurzs could al sc be 
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a problem oz-.. the-foam carrying sand back out of the 

fracture after treatment. 

Much work on foams is underway, bu: it is not yci 

completed. Glhen information on accura:e fluid leakoff 

measuremen:s and friction loss testing is made public, ii 

is hoped that we use i t to improve,our foa,n designs and 

to employ foam fluids for broader applications. 

. 
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